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THE ENZYMES OF SOME ELASMOBRANCHS 
FROM BOMBAY 


IV. Lipases of Scoliodon sorrakowah and Rhyncobatus djddensis 


By D. V. BAL, F.A.Sc. AND D. S. GHANEKAR 
(Department of Zoology, Institute of Science, Bombay) 
Received July 25, 1956 


AT present a comprehensive literature is available on the lipases of plants 
and animals and this is particularly true of the esterase from castor bean and 
pancreatic lipase from Swine. Very little work has been done, however, on 
the lipases of elasmobranchii. Krukenberg (1877), Richet (1878), Young 
(1899) and Sullivan (1907) showed the presence of lipase in fish pancreas. 
Lucey (1942) in her effort to find a suitable method for the study of pancreatic 
lipase, selected the enzyme of Carcharinus milberti. 


Since the investigation on the enzymes of elasmobranchs has been under- 
taken, the study of proteases (1955) the isolation of gastric proteinases (1955) 
and the study of amylases (1956) have been reported. The present paper 
deals with the lipases of Scoliodon sorrakowah and Rhyncobatus djddensis. 


EXPERIMENTAL 


M/S acetate buffer maintains pH 4-5-0, pH 6-8-0 is maintained by M/10 
phosphate buffer and pH 9-0 by M/10 glycine buffer. 


Preparation of olive oil substrate—5c.c. of 0-5 M. NaOH are added 
dropwise to 100 c.c. of olive oil, which is stirred thoroughly and thus an olive 
milk is prepared. This olive milk mixed with equivalent amount of buffer 
of required pH is the substrate to be used. 


The method employed here for the study of the action of the enzyme 
is based on the fact that during the enzyme action on the substrate fatty acids 
are liberated and these can be estimated titrimetrically. 


Titrimetric methods have been described by Palmer (1922), Willstatter 
(1923) and Balls et al. (1937). 


Reaction mixture “‘ containing 2 nc.c. substrate+ 2 nc.c. buffer + nc.c. 
enzyme prepartion (boiled in the case of control)” is kept at 39°C. for 120 
minutes. The contents of the test-tube are shaken well by whirling the tubes 
at the intervals of four to five minutes. Reaction is stopped by adding 10 c.c. 
of alcohol; at the time of titration 5 c.c. of ether are introduced along with 
a drop of phenolphthalein (0-05% alcoholic), and the whole mixture is titrated 
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against N/20 NaOH till a permanent faint pink colour is obtained by the addi- 
tion of the last drop of alkali. The subtraction of the control reading from 
the experimental one gave the measure of lipase activity in terms of c.c. of 
N/20 NaOH. 


RESULTS 


To make the general survey of lipolytic activity of various tissues of 
S. sorrakowah and R. djddensis, 6% aqueous extracts of viscera (stomach, 
intestine and pancreas), liver, spleen, kidney muscle and brain are prepared 
by grinding the tissue in each case with glass powder and extracting the homo- 
geneous mass with water. The cloth filtrates of the tissue extracts are used 
as the source of enzyme. Reactions are run at pH 8-0 and the results are 
indicated by Table I. 


In order to get a clear idea of distribution of lipases in various organs 
of the two varieties of fish activity, pH relationship of each tissue is studied. 
Cloth filtrate of 6% extract of tissue concerned is the enzyme source used. 


The reactions were run at different pHs varying from 4-9-0 and the results 
are given in Table II. 


To study the solubility of the pancreatic and liver lipases of S. sorrakowah, 
6% extracts of pancreas and liver are prepared in a usual way, using water, 
10% (V/V) aqueous glycerol and 30% (V/V) aqueous ethanol as the extractants. 
Extracts are autolysed at 15° C. for 15 hours with toluene as the preservative, 
and then squeezed through muslin and filtered under suction. The residue 
in each case is suspended in the amount of solvent equivalent to the extract 
from which it is obtained. The filtrates and residue suspensions are tested 
for enzyme activity by carrying out the reactions at pH 8-0 in the case of 
pancreas and at pH 6-0 and 8-0 in the case of liver. The results are shown in 
Table III. 


S. sorrakowah pancreatic lipase is prepared in powder form as follows: 


Fish pancreas is stripped of connective tissue and fat. The gland is 
minced and treated with acetone and ether ina manner similar to that described 
by Willstatter and Waldschmidt-Leitz (1922). From 51-9 g. of crude gland, 
9-8 g. of yellowish white defatted and dehydrated gland obtained is ground 
to a fine powder, sieved and stored in a dark bottle in refrigerator + 6-0 g. 
of this powder is extracted with 100 c.c. of 10% aqueous glycerol (V/V). The 
extract is kept at 5° C. for 4 hours and filtered. A water clear filtrate that 
results is the source of enzyme in subsequent experiments. The effect of 
varying H+ concentration, time and enzyme concentration on the speed of 
enzymatic reaction have been studied and the results are represented by 
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TABLE III 


The Solubility of Pancreatic and Liver Lipases of S. sorrakowah 


Reaction mixture “containing 4¢.c. Substrate + 4c.c. Buffer of required pH + 2c.c. 
enzyme preparation” is kept at 39° C. for 120 minutes. 
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Enzyme activity/100 mgm. dry tissue in terms of c.c. of N/20 NaOH 
Name of tissue pH Aqueous extract Glycerol extract Ethanol extract 
Residue Residue Residue 
Filtrate suspension Filtrate suspension| Filtrate qumeeien 
Pancreas --| 80 16-7 8-3 39-9 0-0 36-7 0-0 
6-0 6-3 2-5 8-3 0-0 4-2 0-0 
Liver 
8-0 10-0 2-5 15-0 0-0 10-7 0-0 


Table IV, Fig. 1 and Fig. 2 respectively. The influence of calcium chloride 
and bile salt on lipase activity-at its pH optimum is studied and the results 
TABLE IV 
Activity of Lipase as the Function of pH 


Reaction mixture “containing 4¢c.c. Substrate + 4c.c. Buffer of required pH + I c.c. 
H,O + 1c.c. enzyme solution” is set up at 39°C. for 120 minutes. 


pH 50 60 #£7-0 8-0 8-5 9-0 
Activity of lc.c. enzyme in 
terms of c.c. of N/20 NaOH 0-0 0-8 1-8 4-2 5°5 1-9 
Enzyme Activity/100 mgm. dry 
weight in terms of c.c.of N/20 0-0 4:0 9-8 22:9 27:3 10-4 


NaOH 


are given in Table V. Experiment is carried out to study the comparative 


rates of hydrolysis of different fats by lipase, and the results are indicated by 
Table VI. 


DIscCussION 


From Table I it will be seen that lipolytic activity is maximum in viscera 
(stomach, intestine and pancreas), minimum in spleen and kidney and that of 
liver ranges between the two, while muscle and brain exhibit no activity 
under the conditions of the experiment. 
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Fic. 1. Rate of digestion of olive oil by lipase. Reaction mixture “containing 4¢.c. Sub- 
strate + 4c.c. Buffer (pH 8-5) + 1c.c. H,O + 1c.c. enzyme solution,” is kept at 39°C. for 
varying intervals of time. 

The study of the distribution of lipases (Table I]) shows that in S. sorra- 
kowah and R. djddensis, gastric mucosa exhibits the presence of lipase acting 
best at pH 5-0. Pancreatic and intestinal lipases show optimum activity 
at pH 8-0, however the activity of pancreatic lipase is ten times greater than 
that of the intestinal mucosa. Among the various organs studied pancreas 
is found to be the most potent source of enzyme. Liver gives two activity 
pH optima one at pH 6-0 and the other at pH 8-0 thereby suggesting the 
presence of either two types of lipases or an isodynamic system. Spleen and 
kidney show low lipolytic activity ranging over pH 7-8-0. 
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Fic. 2. Enzyme concentration curve. Reaction mixture “containing 4 c.c. Substrate + 4 c.c. 


Buffer (pH 8-5) + (2-5 — X)c.c. HJO + Xc.c. lipase solution”, is set up at 39°C., for 60 
minutes. 


Observations on the solubility of pancreatic and liver lipases of S. sorra- 
howah (Table III) show that 10% aqueous glycerol and 30% aqueous ethanol 
are good extractants of pancreatic lipase. Aqueous glycerol is a good solvent 
of liver lipases, and aqueous ethanol is a good extractant of liver lipase acting 
best at pH 8-0. 
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TABLE V 


Influence of CaCl, and Bile Salt on the Activity of Lipase 


Reaction mixture “containing 4c.c. Substrate + 4c.c. Buffer (pH 8-5) + Ic.c. CaCl, or 
bile salt of varying concentration + 1¢.c. enzyme solution” is set up at 39°C. for 120 minutes. 


10* x Molar Activity of 
concentration 1 c.c. enzyme 
of CaCl,/ in terms of 
c.c. Re. Mix c.c. of 
N/20 NaOH 
0-0 2°5 
80-0 2:9 
100-0 3-6 
200-0 4-1 
300-0 4-3 
400-0 4:6 
500-0 4-0 
Concentration of 
bile salt in mgm./ 
c.c. Re. Mix. 
0-0 2°5 
1-0 2-9 
2-0 3-4 
3-0 3°8 
4-0 4-2 
5:0 4-2 
6:0 4-2 


Study of the properties of the powder form lipase prepared from S. sorra- 
kowah pancreas shows that powder when extracted with 10% aqueous glycerol 
yields whole enzyme in solution. The activity of the enzyme is a function of 
H concentration (Table IV), and is optimum at pH 8:5, it is a function of time 
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TABLE VI 
Hydrolysis of Different Fats by Lipase 
Reaction mixture “‘containing 0-8 g. fat dissolved in 6c.c. glycerol + 40 mg. bile salt (2 c.c. 


of 2%) + 8c.c. buffer of pH 8°5 + 1c.c. H,O + 3.c. enzyme solution” is set up at 39°C. for 
120 minutes. 


Activity of 
Name of fat 1 c.c. enzyme % hydrolysis 
hydrolysed in terms of c.c. of each fat 
of N/20 NaOH 

Cow’s ghee 7 4-7 100-00 
Buffalo’s ghee 3-9 82-99 
Dalda ghee 1-8 38-30 
Olive Oil. . a 2-9 61-70 
Trimyristine 1-5 31-90 
Shark-liver oil m 3-0 63-83 


(Fig. 1) for a period of 120 minutes and of enzyme concentration (Fig. 2) 
till the maximum limit of 2 c.c. enzyme in reaction mixture is reached. 


Both calcium chloride and bile salt (sodium taurocholate) (Table V) 
are activators of enzyme. Maximum activation occurs in the presence of 
0-04 M CaCl,/c.c. reaction mixture or 4 mg. bile salt/c.c. reaction mixture. 


Table VI shows that the enzyme has the greatest affinity for cow’s ghee 
as the substrate and lowest for dalda ghee and trimyristine as the substrates. 
Its affinity for buffalo’s ghee stands next to that for cow’s ghee, and for olive 
oil and shark-liver oil the affinity is in between the highest and lowest levels. 


SUMMARY 


1. In S. sorrakowah and R. djddensis lipolytic activity is maximum in 
pancreas, minimum in spleen and kidney, intermediate in liver and absent in 
muscle and brain. 


2. Aqueous glycerol and aqueous ethanol are good extractants of 
S. sorrakowah pancreatic lipase. 


3. S. sorrakowah pancreatic lipase is obtained as a yellowish white 
powder. Activity of enzyme is a function of H+ concentration, time and 
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enzyme concentration. Both CaCl, and bile salt are activators of the enzyme. 
Comparative rates of hydrolysis of different fats by enzyme have been studied. 
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~POLYPHENOLOXIDASE AND ASCORBIC ACID 
OXIDASE ACTIVITY IN TOMATO PLANTS 
INFECTED WITH FUSARIUM LYCOPERSICI SACC. 


By B. D. SANWAL 
(Botany Department, University of Delhi, Delhi-8) 
Received July 6, 1956 . 


(Communicated by Prof. T. S. Sadasivan, F.A.sc.) 


INTRODUCTION 


A NUMBER of authors (see Allen, 1954) have found that diseased plants 
infected with obligate parasites (rusts, mildews, etc.), show an increased rate 
of respiration as compared with the healthy ones. The cause of this aug- 
mented respiration is perhaps to be looked for in the increased utilization 
of energy-rich phosphates (Allen, 1953, 1954) by the host cells in response 
to infection. In the case of plant diseases caused by facultative saprophytes, 
however, such an increased rate of respiration is not noticed in the diseased 
tissues. Thus, Rubin et al. (1947) could not detect any significant increase 
in the rate of respiration of the potato leaves infected with Phytophthora 
infestans as compared to the disease-free leaves. Similarly, Gothoskar er al. 
(1955) could not demonstrate any difference in the respiration of diseased 
and healthy Bonny Best and Jefferson variety of tomato stems. On the other 
hand, certain facultative parasites, like Penicillium digitatum, causing a rot 
of citrus fruits, do cause an increase in the respiration of infected fruits 
(Biale and Shepherd, 1941). 


Respiratory increases are closely linked with the quantitative changes 
in the enzymes which mediate in the respiration of cells. However, no com- 
parative reports are so far available on the content in diseased and healthy 
plants of those enzymes for which no doubt exists that they mediate in the 
respiratory activity of the plant cells. Such enzymes are the cytochrome 
oxidases and various dehydrogenases, etc. Information, however, is available 
concerning the content in diseased and healthy tissues of other enzymes whose 
role in respiration is of a contradictory nature. Thus, catalase increases in 
the rusted wheat leaves (Chester, 1946) as compared to the healthy ones. 
Similarly, catalase and peroxidase is shown to increase in gall tissues (Klein 
and Ziese, 1932; Nagy, Riker and Peterson, 1938), ascorbic acid oxidase in 
corn smut galls (Allen, 1953), amylase in wheat leaves infected with rust and 
powdery mildews (Chester, 1946; Sempio, 1942), lipase in rusted bean leaves 
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(Sempio, 1942) and polyphenoloxidase in potato leaves infected with Phyto- 
phthora infestans (Rubin et al., 1947). 


The function of such enzyme increases in the diséased plants is not 
known with certainty. Some authors have correlated the increased enzymic 
activity with the resistance that the host offers to the invading parasite. But 
how the enzyme increase helps in increasing the resistance of the plants is 
not known. Plausibly, the enzymes increase as a result of increase in the 
quantity of the corresponding substrates, as a result of infection by the para- 
site. In the literature on this subject, unfortunately, although the individual 
enzymes have been assayed quantitatively, a corresponding analysis of the 
substrate of these enzymes in the diseased plants has not been worked out 
in most of the cases. In their work on the resistance of the potato leaves 
to infection by Phytophthora infestans, Rubin et al. (1947) found that the 
polyphenoloxidase activity of the healthy leaves in both the resistant as well 
as the susceptible varieties is the same. However, in the diseased leaves, the 
resistant variety shows the presence of much more polyphenoloxidase than 
the susceptible variety. This increase goes hand in hand with the increase 
in resistant varieties of polyphenols. Thus we see that an increase in the 
substrate (due to infection), in the above example polyphenols, causes a cor- 
responding rise in the quantity of the substrate specific enzyme (polyphenol- 
oxidase). Here perhaps is an explanation for the rise in the concentration 
of enzymes, frequently reported in the literature, which are not directly 
connected with respiration in diseased plants. 


In the wilt disease of tomato caused by Fusarium lycopersici Sacc., one 
of the prominent symptoms is the vascular browning. The mechanism of 
this vascular browning is not very clear. According to Gaeumann et al. 
(1953) the browning is due to a substance called vasinfuscarin secreted by the 
pathogen. How this substance causes the browning is not definitely known. 
Davis et al. (1953, see also Dimond, 1955) believe that the vascular browning 
is caused by the formation of melanin-like pigments in the vascular tissue of 
the host as a result of the polymerization of the polyphenol systems set free 
in the diseased host by the activity of B-glucosidase (attacking the phenolic 
glucosides). This enzyme is produced not only by the pathogen, but also 
by the host plant itself. The free polyphenols are supposed to be converted 
to the polymerized product by the activity of the polyphenoloxidase system 
of the host. There is evidence for the presence of the polyphenolases in the 
tomato tissue (Link ef al., 1952). If the polyphenols were actually set free 
in the diseased tissues, we should expect a corresponding increase in the poly- 
phenoloxidases because it is a well-established fact of enzymology that the 
increase in the substrate induces a corresponding increase in the quantity of 
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the substrate specific enzymes (Hoffman-Ostenhof, 1954). In the following 
work, therefore, investigations have been undertaken to see whether the poly- 
phenoloxidases increase in the diseased tissues of the tomato plants as a result 
of infection by Fusarium lycopersici. Ascorbic acid oxidase has also been 
included in this study to see whether a general increase of other well-known 
enzymes takes place in the diseased tissues. 


MATERIALS AND METHODS 


In all the following experiments, Tuckswood variety of tomato plants 
were used. They were grown in sterile earth for 2 weeks after which they 
were cut out from the soil level and the lower portion of the cut stems wrapped 
up in glass-wool contained in small earthen vessels without bottoms. The 
earthen vessels were dipped in another vessel (capacity about 61.) to such an 
extent that the glass-wool was just moistened with the nutrient solution con- 
tained in the bigger vessels (for details, see Zaechner, 1954). In about 2 days 
time the cuttings give out new roots in the nutrient solution. The latter 
was made up as follows (after Knop, see Zaehner, 1954): 


Ca(NOs)2 .. 42 x 10-* molar 
Ca(H,PO,). .. 0-5 x 10-* molar 
KCl .. 3:4 molar 
MgSO, .. 1+1 x molar 
Fe,(SO,)3 ‘ .. 5:0 x 10° molar 
Hoagland A-Z .. 1 ml./l. Knop’s solution. 


All the salts were dissolved in water purified in ion-exchange columns. 
The temperature of the nutrient solution was maintained at 27° C. (Gaeumann 
and Riethmann, 1938). The air temperature varied between 17°-32° C., but 
was the same for the inoculated and control plants. 


Inoculum was raised by growing strain R-5-6 of Fusarium lycopersici 
(Kern, 1952) in modified Richard’s medium for 6 days. At the end of this 
period, the mycelium was separated from the culture filtrate, washed with 
distilled water and cut up in a Waring blendor. 


Tomato plants were inoculated after they had been growing in the Knop’s 
nutrient solution. This was done by adding about 0-5 mg. (dry weight) of 
blended mycelium to the glass-wool surrounding the tomato cuttings. Pre- 
liminary experiments showed that nearly 100 per cent. plants inoculated in 
this way became diseased. Controls were kept for different series of plants. 


For the enzyme assays, only the diseased parts of the plant were taken, 
ie., stem parts showing vascular browning and leaves showing vein-clearing 
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symptoms. Corresponding parts were also taken from the control (uninocu- 
lated) plants in order to obtain a similar and homogeneous material. 


For polyphenoloxidase assay, the material was cut up in sections and 
suspended in M/15 phosphate buffer of pH 6-0 maintained at 0° C. It was 
immediately homogenized for 2 minutes in a homogenizer previously chilled 
at — 20°C. 2-Sml. aliquots of the homogenate were placed in the main 
compartment of the Warburg vessels. The side arm received 0-5 ml. of 
a 0-01 M catechol solution at pH 6-0. The central well contained a wick 
of filter-paper with 0-4 ml. of 20 per cent. KOH to absorb the CO, produced. 
Controls were employed with distilled water in the side arm instead of the 
catechol solution. Bath temperature was kept constant at 25°C. and the 
vessels were shaken at the rate of 135 strokes per minute. When the contents 
of the flasks were warmed up to the bath temperature the content of the side 
arm were tipped in the main central compartment at zero time and O, uptake 
was recorded at 10-minute interval. In expressing results, the auto-oxidation 
of catechol for the duration of the experiment was accounted for. 


Ascorbic acid oxidase assays were performed similarly in Warburg 
Manometric vessels. 2-5 ml. of the homogenate in 1/15 M phosphate buffer 
was placed in the main compartment of the vessel and the side arm received 
0-5 ml. of 0-12 M ascorbate adjusted to pH 6-0 with alkali. Since it is known 
that ascorbate solutions are oxidized by traces of heavy metals, it was ascer- 
tained that no measurable auto-oxidation occurred when the homogenate 
which had been previously boiled for 10 minutes was added to the ascorbate 
solution. 


Measurement of polyphenol- and ascorbic acid-oxidase activities were 
done every 7th day for 35 days with diseased as well as the control plants. 


Copper content of the tissues was estimated by a colorimetric method, 
using 0-1 per cent. solution of sodium diethyldithiocarbamate, extracting 
the yellow colour developed with carbon tetrachloride and measuring the 
percentage light transmission through a lantern blue filter with maximum 
transmission near 4300A in a Lumitron. Copper content was calculated 
from this reading by reference to a standard curve made by measuring known 
quantities of copper and the blank solution. 


EXPERIMENTAL 


In the following experiments, leaf and stem tissues were separately assayed 
for the polyphenol and ascorbic acid oxidase activity. It was expressed as 
ul. O, required by the enzyme present in | gm. (fresh weight) tissue acting on 
0-01 M catechol or 0-12 M ascorbate solution respectively for 10 minutes. 
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It was ascertained that O, uptake for 10 minutes was proportional to the 
enzyme concentration in the tissues. 


Under our green-house conditions, the first symptoms on the leaves 
appeared after 5 days in the form of vein-clearing (Foster, 1946) in the older 
leaves. After about 14 days the older leaves showed yellowing and necrosis 
appeared after about 20 days time. The mycelium was never present in 
the older leaves during this time. Only after 20-22 days did the mycelium 
reach the petioles of the older leaves. Generally, at the end of 27 days, the 
infected plants showed a generalized wilting. 


For the oxidase assay at the end of the first 7-day period after inoculation, 
older leaves showing vein-clearing were taken; at the end of 14 days those 
showing both vein-clearing and yellowing; at the end of 21 days and after- 
wards those showing yellowing and necrosis. Leaves of corresponding age 
were taken as controls from the healthy plants. Figure 1 shows the poly- 
phenoloxidase content and Fig. 2, the ascorbic acid oxidase content of the 
healthy and diseased leaves. 


The figures show that ascorbic acid and polyphenoloxidase activity in 
the diseased and healthy plants is approximately the same during the first 
7 days of infection. Between the 14th and the 21st day the oxidase content 
of the diseased leaves is lower than that of the healthy leaves. Between the 
21st and 35th day after inoculation the polyphenoloxidase activity increases 
in the diseased leaves as compared to the healthy ones. The ascorbic acid 
oxidase activity during this time in diseased leaves reaches the same level as 
that of the healthy ones. 


Polyphenol- and ascorbic acid-oxidase have both copper as the prosthetic 
group (Hoffmann-Ostenhof, 1954) and their activity is directly dependent 
on their copper content (Dawson, 1950; Mallette,1950; Hofmann-Ostenhof, 
1954). A decrease in the oxidase content (polyphenol- and ascorbic acid- 
oxidase) would mean either (1) that there is less copper in the diseased leaves 
compared to the healthy ones or (2) that some copper in the diseased leaves 
is not available for combining with the protein of the Polyphenol- and ascorbic 
acid-oxidase. This situation can be brought about in the leaf tissues if the 
pathogen in the inoculated plants secretes some metabolic products from the 
focus of infection which reach the leaves along with the transpiration stream 
and serve as chelating agents, i.e., form more stable chelate complexes with 
the copper ions than the apoprotein portion of the polyphenol- and ascorbic 
acid-oxidase. Lastly, (3) a decrease in the oxidase content can also be brought 
about if less enzyme specific substrate is available (in our experiments, poly- 
phenols and ascorbic acid respectively) in the leaves between the 8th and 21st 
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Fic. 1. Polyphenoloxidase activity [ul. O,/gm. (fresh weight)/hour] of the diseased and 


healthy leaves of tomato at different times after inoculation. o——o = diseased leaves; 
= healthy leaves, 


day of inoculation. Kalyanasundaram (1952) has shown that in cotton plants 
infected with Fusarium vasinfectum and red gram (Cajanus cajan) infected 
with F. udum, ascorbic acid content decreased in the infected plants as the 
disease proceeded further. A possibility, therefore, exists that less ploy- 
phenols and ascorbic acid is available in the diseased tomato leaves between 
the 8th and the 2lst day after infection. To choose between the first two 
possibilities, the diseased and healthy leaves were analyzed for their copper 
content at the end of every 7-day period after inoculation for 35 days. Table I 
gives the results of this experiment. 
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Fic. 2. Ascorbic acid oxidase activity [ul. O, uptake/gm. (fresh weight)/hour] of the diseased 
and healthy leaves of tomato at different times after inoculation. o——o = diseased leaves; 
= healthy leaves. 


TABLE 


Copper Content of the Diseased and Healthy Leaves of Tomato Plants 
at Different Times after Infection 


Copper content mg./gm. dry weight 


Leaf 
Days after inoculation 
7 14 21 28 35 
Healthy i 0-076 0-082 0-068 0-087 0-077 
Diseased ga 0-069 0-079 0-073 0-081 0-092 
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It is clear from the table that the copper content of the diseased and 
healthy leaves does not vary very much and is within limits of sampling and 
experimental errors. This leaves us with 2nd and 3rd possibility discussed 
above. It has been shown by Davis (1954), Kern and Sanwal (1954) and 
Sanwal (1956) that Fusarium lycopersici secretes certain substances of a toxic 
nature in the leaves from the focus of infection in the stems. These toxic 
substances may also serve as chelating. agents in the leaves, thereby binding 
some of the copper which is necessary as a prosthetic group of the oxidase 
enzymes discussed here. For many toxins of Fusarium lycopersici, it has 
been shown that (Gaeumann and Naef-Roth, 1954, 1955; Deuel, 1954) 
they serve as strong chelating agents. It is, therefore, possible that some such 
toxic substances may be responsible partly for the decreased polyphenol- 
and ascorbic acid-oxidase content of the diseased leaves during 8th and 21st 
day after infection. 


It will be seen from Fig. 2 that the ascorbic acid oxidase content of the 
diseased leaves increases after 21 days of infection and reaches the same value 
as healthy leaves between 21st and 28th day of infection and thereafter remains 
at about the same level. At this time the mycelium reaches the petioles of 
the older leaves and a generalized wilting occurs. Why the ascorbic acid 
oxidase content reaches the same value in diseased leaves as the healthy 
ones after some time of infection is not known. 


The quantity of polyphenoloxidase (Fig. 1) in diseased leaves initially 
lower than in healthy leaves, rapidly increases after 20 days of infection and 
within a few days after this much more is present in the diseased leaves than 
the healthy ones. As pointed out above, the mycelium reaches the petioles 
of the older leaves at this stage. This is perhaps due to the fact, as explained 
later, that a number of polyphenols are set free in the diseased cells and due 
to an increase in the substrate (polyphenols) polyphenoloxidases also increase. 


It should be noted here that the mycelium of F. lycopersici never reaches 
the leaves even after 40 days of infection, when the infected plants have com- 
pletely wilted. Only in the older leaves does the mycelium reach the base 
of the petioles. The most conspicuous symptom on the stems, where the 
mycelium of the fungus is already present, is the browning of the vascular 
bundles. The assay for polyphenol- and ascorbic acid oxidase content of 
the diseased and healthy stems were performed exactly in the same way as 
the leaves. Figure 3 shows the polyphenoloxidase content of the diseased 
and healthy stems and Fig. 4 that of the ascorbic acid oxidase. 


It will be seen from Fig. 3 that polyphenoloxidase activity increases 
in the diseased stems as compared to the healthy ones after inoculation with 
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Fic. 4. Ascorbic acid oxidase activity [ul. O, uptake/gm. (fresh weight)/hour] of the diseased 
and healthy stems at different times after inoculation. o——o = diseased stems ; @——@® = healthy 
stems. 


the pathogen. After 14 days of inoculation, the oxidase content of the in- 
fected plants increases two-fold over that of the healthy ones. No such 
increase in the quantity of ascorbic acid oxidase is, however, discernible in 
the diseased and healthy stems of the tomato plants (Fig. 4). 


It is of some significance that polyphenoloxidase activity increases in 
tissues which show the presence of mycelium and vascular browning. This 


J 
€ 
: 


Polyphenoloxidase & Ascorbic Acid Oxidase Activity in Tomato Plants 267 


is the case both with the stem and the leaf tissue. Figure 1 shows that poly- 
phenoloxidase content also increases in the leaves whose petioles show the 
vascular browning as compared to the healthy leaves of the same age from the 
control plants. The increase in the polyphenoloxidase content could not be 
due to the mycelium because it was ascertained that Fusarium lycopersici 
does not produce any polyphenoloxidase. 


Thus it seems certain that increase in polyphenoloxidase content is linked 
to the individual tissues infected directly by the mycelium or those lying in 
close proximity to the infected cells. A number of authors have observed 
(see Dufrénoy, 1936) that in cells affected by pathogens, phenolic substances 
appear in large quantities. The mechanism of the production of the phenolic 
substances is not known, but the results obtained by various workers point 
to the fact that such phenolic substances have a part to play in cellular resis- 
tance. If the polyphenols increase in the affected cells of the tomato stems, 
we should expect that the polyphenoloxidases would also increase because an 
increase in the substrate leads usually to an increase of the substrate specific 
enzyme. This perhaps is the explanation for an increase in the polyphenol- 
oxidase content of diseased tissues of tomato plants infected with Fusarium 
lycopersici. If our hypothesis is true, we would expect to find more poly- 
phenols in the diseased stems of tomato than the healthy ones. Investigations 
on these lines are being carried out. 


The origin of polyphenols in diseased tissues is not kown for certain. 
According to Davis, Waggoner and Dimond (1953) and Dimond (1955) the 
polyphenols are set free in the host tissues by the action of the B-glucosidases 
of the pathogen and the host cells themselves. It is quite likely that vasin- 
fuscarin (Gaeumann et al., 1953) causes browning in the tomato stems by 
splitting polyphenols from their bound form (e.g., phenolglucosides, etc.). 
The free polyphenols are then acted upon by the polyphenoloxidases with their 
consequent conversion into melanins which get deposited in the walls of the 
vascular bundles as dark brown pigments. 


The above hypothesis can be verified by estimating in plants, after ad- 
ministration of vasinfuscarin, either the bound polyphenols, free polyphenols 
or melanin. A decrease in the bound polyphenols and increase in the free 
polyphenols after administration of vasinfuscarin would give direct evidence 
in support of our hypothesis. 


SUMMARY 


In the above work, a study of the polyphenoloxidase and ascorbic acid 
oxidase in tomato plants infected with Fusarium lycopersici Sacc. (causing 
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the tomato wilt) has been made. In diseased stems (showing vascular brown- 
ing) the ascorbic acid oxidase activity is about the same as the controls (healthy 
stems). However, in leaves showing vein-clearing symptoms, between 7th 
and 14th day of infection, the ascorbic acid oxidase activity is less than the 
controls. After 21 days of infection ascorbic acid oxidase content reaches 
that of the controls. The decrease in the activity of the diseased leaves is 
not due to a lack of copper. That copper ions in the diseased leaves may 
be chelated by certain metabolic products of the pathogen is considered to 
be a possibility. 


Polyphenoloxidase activity also decreases in the leaves showing vein- 
clearing symptoms between the 7th and 2lst day of infection as compared 
with the controls. This might also be brought about by chelation of the 
copper ions, as explained above. After 21 days of infection, polyphenoloxi- 
dase content increases in the diseased leaves as over the controls and is nearly 
doubled after 28 days of infection. At this time the mycelium reaches the 
petioles of leaves showing vein-clearing and necrosis. This increase is associ- 
ated perhaps with cellular resistance as explained below. 


In the stem parts showing vascular browning, the polyphenoloxidase 
activity increases continuously from the time of infection till the time plants 
are completely wilted. This increase is explained by assuming that certain 
metabolic products of the pathogen, like vasinfuscarin (or other enzymes) 
cause a liberation of free polyphenols from their bound state. As the free 
polyphenols increase in the tissues, a corresponding increase in the poly- 
phenoloxidase also occurs. Due to oxidase activity, some of the polyphenols 
are converted to melanin which impart to the diseased vessels the brown 
colour. 


The work reported above was carried out at the Institute of Special 
Botany, Swiss Federal Institute of Technology, Zurich, Switzerland. My 
thanks are due to my respected teacher, Professor E. Giumann, Director of 
the Institute of Special Botany, for giving me all the facilities while I 
was a Fellowship-holder first from the Swiss Co-ordination Commission for 
Technical Help and later from the ‘ Volkart Stiftung’, Winterthur, Switzerland. 
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Kern, Dr. Ch. Stoll and to other colleagues in the laboratory. 
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ISOLATION OF CERCOSPORA PERSONATA, 
ITS SPORULATION AND GROWTH 
IN PURE CULTURE 


By (Miss) P. SHANTA 
(University Botany Laboratory, Madras-5) 
Received September 6, 1956 


(Communicated by Prof. T. S. Sadasivan, F.a.sc.) 


Species of the genus Cercospora have in the past been reported to sporulate 
sparsely in pure culture. Nagel (1934) reported sporulation of 5 species of 
Cercospora by selective sub-culturing; Calpouzos (1954) was able to produce 
pure sporulating colonies of C. mus@ by the same method of selective sub- 
culturing from “ wild-type” colonies. Jenkins (1938) and Miller (1949) 
working on C. arachidicola (Hori) and C. personata (B. & C.) E. & E., both 
causing leaf-spots on groundnuts, apparently had no difficulty in isolating 
the fungus, although they gave no details about the methods used. Jenkins, 
however, mentioned that conidia of both species do not germinate under 
submerged conditions, due to lack of free supply of oxygen. On the other 
hand, Roldan and Querijero (1939) stated that C. personata cannot be cul- 
tured on artificial media. There appears to have been no serious work aimed 
at growing C. personata on synthetic media; indeed, no noteworthy contri- 
bution on the nutritional requirements of this fungus has appeared so far. 
Nevertheless, heterotrophism to vitamins in the case of C. musa, the causal 
organism of ‘ Sigatoga ’ disease on banana, has been indicated by Fernandez 
(quoted from Calpouzos, 1954). This paper deals with methods of isolation 
of C. personata, and its vitamin requirements. 


Methods of Isolation: 


The isolate used in this study was obtained from infected leaves of the 
groundnut, variety “local spreading” grown in Guindy, Madras. It 
was maintained in a sporulating condition in Czapek’s medium with yeast 
extract. 

The usual precautions essential in growth substance studies were 
observed. Distilled water source was from an all-glass still and only ana- 
lytical grade chemicals were used. Agar was purified with 5% aqueous pyri- 
dine (Robbins, 1939). The basal medium used was Czapek’s agar with the 
formula NaNO, 2g., KH,PO, 1 g., MgSO,.7H,O 0-5g., glucose 20g., 
agar 15 g., and water to make 1,000 ml. Inoculum was prepared by making 
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a mycelial and spore suspension of the fungus in sterilized glass-distilled 
water. The tubes were inoculated by flooding the surface of the agar slants 
with two drops of this inoculum (solid medium was found better than liquid 
medium). 


The usual method of plating out diseased material was not useful in 
isolating the fungus since it was extremely slow growing. Preparing spore 
suspension in a dilution plate was also not helpful because the conidia of 
C. personata do not germinate under submerged conditions. The following 
method, however, was used with success: Fresh leaf spots were selected from 
infected plants in the greenhouse or the field, washed thoroughly in sterile 
water, dried between filter-paper and left in a moist chamber. After 24-30 
hours incubation period at laboratory temperature (25-30° C.) these spots 
produced copious young conidia, free from any contaminating flora and 
could be easily dislodged from the conidiophores by passing over the spots 
a sterile moistened needle touching the tips of the conidia. The adhering 
conidia were lightly passed over the surface of sterilized agar plates and the 
area marked on the outer surface of the Petri dish. After 24-48 hours incuba- 
tion (optimum: 25-28°C.) the plates were examined marking out single 
spores under the low power microscope. Most of the spores produced germ 
tubes from both the end cells. These single germinating spores were picked 
out by the ‘eye’ of a suitably bent sterilized sewing needle and transferred 
to yeast extract agar. 


It is of interest to state that C. personata sporulates only in young cul- 
tures and, therefore, sub-culturing has to be by transference of spores at 
intervals of 2-3 weeks. This is done by passing a sterilized moistened needle 
over the sporulating colony and transferring only the conidia adhering to it. 
The colonies resulting from a mycelial transfer do not sporulate and in experi- 
ments where a mixture of mycelial and conidial transfers were made, it was 
found that the sporulating character was gradually lost in the course of 
8-9 months. The sporulating nature of such cultures could be revived by 
again making single-spore isolates from them. 


Vitamin requirements : 


As it was noticed during isolation studies that the isolate did not make 
good growth or sporulation on a synthetic substrate without yeast extract, 
it was thought worth-while pursuing its dependence on vitamins of the B- 
complex group. The cultures were grown on Czapek’s agar media to which 
the vitamins were added, omitting single vitamins from a mixture of all, as 
is customary in such studies (Mathew, 1954). The vitamins were added at 
the rate of 1 yg. per tube, containing 5 ml. of the basal medium, except biotin 
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and inositol which were added at the rate of 0-1 wg. and 25 wg. per tube res- 
pectively. Comparison of growth was made by visual observation and the 
results are presented below. 


Effect of Vitamins on Growth and Sporulation of C. personata in Culture 


Incubation period in weeks Average number of 


Treatments spores/colony 
2 3 5 (4-week old cultures) 
Control (—ALL) + + ++ 8 
—thiamine $+ ++ ta 10 
—riboflavine ¢t4+44+ 444+ 39 
—pantothenic acid 4¢444+ 28 
—nicotinic acid 4444+ 444+ 29 
—inositol ++ +? 15 
—p-aminobenzoic acid .. ++++ +4++4+4++ 4444 17 
+ALL co $4477 $444 16 
+-yeast extract $444 74 
+casein hydrolysate .. $+ ++ +4+4+ 17 
Diameter of 
Growth rating a colony after 
5 weeks growth 

oo .. Negligible 1 mm. or less 

++ -. Boor 2 mm. 

+++  .. Fair 3 mm. 

++4++ .. Good 4 mm. 


The table shows that there was a partial deficiency for thiamine and 


inositol. Casein hydrolysate was inadequate in supplying the necessary 
growth factor. 


It is also seen from the above table that thiamine, pyridoxine and biotin 
were necessary for good sporulation of the fungus. Riboflavine, followed 
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by nicotinic and pantothenic acid seemed to be inhibiting sporulation, whereas 
yeast extract (added at the rate of 1 g./litre) gave maximum sporulation. 


Later experiments showed that inositol accelerated the initial growth 
of the fungus, whereas thiamine was necessary for subsequent growth and 
sporulation. On repeated sub-culturing, the fungus became gradually auto- 
trophic for inositol, the thiamine deficiency becoming more and more 


apparent. 
DISCUSSION 


This work indicates that Cercospora personata, widely occurring as an 
air-borne leaf spot pathogen on several varieties of Arachis hypogea, presents 
obvious difficulties in studying growth and sporulation and the physiology 
of the fungus on synthetic substrata under laboratory conditions. Isolation 
methods studied indicated that fresh spores from typical leaf spots were the 
best source for propagation. Sub-culturing also had to be done by seeding 
new substrates with fresh spores. 


The isolate of C. personata used here was heterotrophic to both thiamine 
and inositol. However, on repeated sub-culturing it showed a tendency to 
be autotrophic to inositol while becoming more and more dependent on a 
supply of thiamine. Similar results have been reported in the case of Pelli- 
cularia koleroga (Mathew, 1954) where an initial response to riboflavine and 
biotin was gradually lost on further sub-culturing. It may be a case of com- 
plementary nature with certain heavy metals and as this question has not been 
worked out with this fungus it is left as an open question. 


SUMMARY 


An isolate of Cercospora personata, the causal organism of the “ Tikka 
disease ” or leaf spot of Arachis hypogea, has been shown to be easily cultu- 
rable in a sporulating condition on a synthetic substrate with added yeast 
extract provided the inoculum is always a spore from a fresh lesion and not a 
mycelial bit. The fungus has been shown to be heterotrophic to both thiamine 
and inositol but after repeated sub-culturing becomes autotrophic to the 


latter. 
ACKNOWLEDGEMENTS 


I am deeply indebted to Professor T. S. Sadasivan for the keen interest 
he took throughout the work and in the preparation of this paper. I thank 
Dr. C. V. Subramanian for critically going through this article and I am 
grateful to the Government of India for the award of a Junior Fellowship. 


Isolation of Cercospora personata 275 
REFERENCES 
Calpouzos, L. .. “Controlled sporulation of Cercospora muse Zimm. in pute 
culture,” Nature, Lond., 1954, 173, 1084-85. 
| Jenkins, W. A. .. “Two fungi aang leaf spot of peanuts,” J. agric. Res., 1938, 
56, 317-32. 
Mathew, K. T. .. “Studies on the black rot of coffee. II. Nutritional require- 
. ments of Pellicularia koleroga Cooke with special reference 
. to growth substances,” Proc. Indian Acad. Sci., 1954, 34B, 
179-211. 
Miller, L. I. .. “Cultural and parasitic races of Cercospora arachidicola and 
Cercospora personata,” Phytopathology, 1949, 39, 15. 
1 Nagel, C. M. .. “Conidial production in species of Cercospora,” ibid., 1934, 
24, 1101-10. 
, Robbins, W. J. -. “Growth substances in agar,’ Amer. J. Bot., 1939, 26, 772-78. 
4 Roldan, E. F. and Querijero, “Black spot of peanut,” Philipp. Agric., 1939, 27, 669-82. 
A. F. 
e 
g 
a 
li- 
id 
n- 
ka 
u- 
ast 
ta 
ine 
the 
est 
ink 
am 
1p. 


A NEW TECHNIQUE FOR THE PERMANENT 
DRY PRESERVATION OF SOME MYCOLOGICAL 
AND PLANT PATHOLOGICAL SPECIMENS 


By B. B. SHARMA AND B. N. SAXENA 
(Botany Department, Lucknow University, Lucknow) 
Received September 28, 1956 


(Communicated by Professor §. N. Das-Gupta) 


WHILE preserving fungi and plant disease specimens for the Botany Depart- 
ment herbarium some difficulty was experienced in displaying certain 
materials in their natural state. A large number of the collections were 
treated and fixed by the methods and preservatives commonly utilised for 
the purpose. In some cases, however, it was difficult to retain symptoms like 
concentric zonations found in stem cankers and leaf diseases, e.g., stem canker 
of hollyhock caused by Sclerotinia sclerotiorum (Lib.) de Bary and leaf spot 
of Citrus acida var. variegata caused by Colletotrichum gleosporioides (Penz.) 
Sacc. The following method for the preservation of such materials was 
found useful :— 


Schedule 
The dry material was cut to the desired size and treated in— 
70% Alcohol - ‘a .. 610 hours 
90% Alcohol i a .. (two changes) 
12-24 hours each 
100% Alcohol .. 24 hours 
Xylol + 100% Alcohol (50: 50 .. 12-18 hours 
Pure Xylol (two changes) .. .. 68 hours each 
Xylol + Canada Balsam (50: 50) .. 18-72 hours 


The material was then transferred to hot air chamber (at 37°C.) till it 
hardened. In this way the tissues were infiltrated with Canada Balsam 
which also formed a thin protective covering externally. Such specimens 
were then stored dry, protected against dust. Specimens of stem-canker 
of hollyhock fixed by this method in 1953 are still maintaining the original 
symptoms (Fig. 1). 

The method has been subsequently found suitable for materials like: 
some myxomycetes whose sporangia are incrustated, dried leaves of Eryn- 
gium orientalis Stapf. and Wettst. and Barberry infected with Leveillula taurica 
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(Lev.) Arnaud (cleistothecial stage) and Puccinia graminis Pers. respectively, 
agarics like Schizophyllum and the smuts including Ustilago avene (Pers.) 
Rostr., U. hordei (Pers.) Lagerh., U. paradoxa Syd. and Butl. and U. cyno- 
dontis P. Henn. Some of the fragile crustose lichens belonging to the family 
Caliciacee like Tylophoron and Calicium were also preserved in the more or 
less natural condition. The method, however, did not yield satisfactory 


results with soft and fleshy specimens like the puff balls, pileate agarics and 
rotted fruits. 


The schedule given can be modified according to the nature of the speci- 
mens utilised. The fresh leaf materials if made dry prior to the above treat- 


ment yield better results. Xylol and Canada Balsam can be reutilised for 
a number of preparations. 


This method of preservation affords several advantages, chiefly, (i) the 
maintenance of the disease symptoms in the more or less natural state; 
(ii) the easy handling of the specimens after this treatment; (iii) rendering 
the materials weather-, mould-, and insect-proof, and (iv) saving the labour, 
cost and need of changing the fluids periodically in the specimens stored in 
the usual preservatives. The materials so preserved can be reutilised for 
microscopical study after treating them with xylol to remove balsam. 


EXPLANATION OF PLATE 


Some of the specimens preserved by this method:— 
Fic. 1. ‘Stem-canker’ of hollyhock caused by Sclerotinia sclerotiorum. Note the distinct 
concentric zonations on the stem. 
Fic. 2. (a) Barberry leaf showing the ecidial cups of Puccinia graminis. 
(6) Leaf spot of Citrus acida var. variegata due to Colletotrichum gleosporioides. 
(c) Leaf of Eryngium orientalis infected with Leveillula taurica (cleistothecial stage) 
Fic. 3. (a) Schizophyllum sp. 
(6) Ustilago avene on Avena sativa. 
(c) ‘ Covered smut’ of barley (U. hordei). 
(d) Ustilago paradoxa on Echinochloa frumentacea. 


Note the hypertrophy of the affected grains. ‘ 


(a) An incrustated myxomycete growing on a piece of wood. 
(6) Tylophoron, and 
(c) Calicium. 


Fic. 4. 


SOME OBSERVATIONS ON THE LIVING CELLS 
OF SACCHAROMYCES CARLSBERGENSIS 
FROM TWENTY FOUR-HOUR AGAR SLANTS WITH 
PHASE CONTRAST AND DARK GROUND 
ILLUMINATION 


By T. R. THYAGARAJAN 
(Cytogenetics Laboratory, Department of Biochemistry, Indian Institute of Science, Bangalore-3) 
Received September 21, 1956 


(Communicated by Dr. M. K. Subramaniam, F.A.sc.) 


INTRODUCTION 


A vaRIETY of cell organelles have been reported to be present in yeasts. 
Apart from the nucleus, volutin, metachromatin, mitochondria, fat, glycogen 
and basophile granules are said to occur (Wager and Peniston, 1910; Guillier- 
mond, 1920; Brandt, 1941; Nagel, 1946; Lindegren, 1949; Yotsuyanagi, 
1955). The existing records deal in great detail with the behaviour of the 
nucleus during the vegetative phase. 


The ability of many yeasts to sporulate and the reports on meiosis-like 
phenomena during sporulation (Nagel, 1946; Lietz, 1951; Lindegren, 1952; 
Winge and Roberts, 1954; Widra and DeLamater, 1955) necessitate proof 
that the body identified as a nucleus during the vegetative phase shows con- 
tinuity through the spores to the next vegetative generation (see Table I of 
Royan, 1956, p. 48). 


Though the majority of the workers identify the nucleus as a body 
separate from the vacuole, a minority (Wager and Peniston, 1910; Lindegren, 
Williams and McClary, 1956) believe that the vacuole is the real nucleus. Since 
this concept was formulated by Wager and Peniston (1910), their conclusion on 
the role of the vacuole ( = nucleus) during sporulation is presented below 
to give a proper perspective to the analysis. “ The disappearance of the 
nuclear vacuole and the formation of daughter nuclei by the division of the 
nucleolus appears not to be peculiar to the yeast plant. Some interesting 
observations of Ikeno (1903) upon the genus of simple Ascomycetes, Taphrina, 
show that comparable phenomena take place here........ Whether the 
nucleolus lies inside as in Taphrina, or outside the nuclear vacuole as in yeast 
is quite irrelevant. What is important is that the vacuole has a temporary 
existence in both cases, and that it disappears entirely in both cases as a pre- 
liminary to the formation of spores. May we not, therefore, regard the 
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nuclear vacuole in both cases as simply a store-house for the temporary 
accumulation, or perhaps elaboration of a chromatin substance for the use 
of the cell?’ (Wager and Peniston, 1910, p. 75). 


Even if one unreservedly accepts Wager’s view, the vacuole can at best 
be considered only as equivalent to the vegetative macronucleus of Ciliates. 


If cells from a 24-hour growth of Saccharomyces carlsbergensis on wort 
agar are transferred to slants of acetate agar, profuse sporulation occurs in 
about 24 hours. The acetate agar contains no nutriment. It has to be pre- 
sumed, therefore, that the changes that culminate in sporulation commence 
on transfer to acetate agar. Such alterations could be viewed objectively 
only if the different cell organelles are identified and their orientation with 
respect to one another are clearly understood at the time of transfer. In this 
paper an attempt is made to study the organelles in living cells from 24-hour 
agar slants under ordinary, phase contrast and dark ground illumination. 


MATERIAL AND METHODS 


The yeast was grown on agar slants of barley wort of S.G. 1-020 and pH 
4-6-4-8. Two loops of material from a 16-hour wort culture were inoculated 
on the slants and incubated at 30°C. for a period of 24 hours. The cells 
were transferred to 5 ml. of sterile distilled water in a test-tube and shaken 
well to effect a uniform distribution of the cells. A drop of the above sus- 
pension was placed on a clean slide and a cover glass applied. By means of 
small strips of filter-paper, the excess of the liquid from the sides of the cover 
glass was removed and the preparation was sealed with paraffin to avoid the 
movement of the cells. They were then examined first with a light microscope 
and later under phase contrast and ultramicroscopes. 


Photomicrographs were taken with a Leica attachment on 35 mm. Kodak 
“ Microfile ” film. Green and yellow filters were used together or separately 
to produce contrast. The negatives were enlarged to a uniform magnifica- 
tion. 


OBSERVATIONS 


Vacuoles and Cytoplasmic Granules.—The individuals in a population 
could be separated into four categories, viz., (a) cells with vacuoles and gra- 
nules; (b) cells possessing only vacuoles; (c) cells containing granules but 
no vacuoles and (d) cells without vacuoles or granules. The percentage of 
the different types of cells are given in Table I. It has to be emphasized that 
considerable variation occurs in their relative distribution in a population. 


Photos 1 and 2 show the appearance of the cells under ordinary illumi- 


nation. The vacuole is a prominent structure and distributed around it 
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TABLE I 
1 2 3 4 5 6 
Cells with Cells with Multi-vacuo- Cells with Cells with- Total No. 
vacuoles and vacuoles late cells granules out vacuoles of cells 
granules only in 1 and 2 only or granules examined 
% % % 
72-6 8-2 5-2 18-0 1-2 500 


occur granules whose number may be as high as 50. While the granules may 
show a uniform distribution in the cytoplasm of some cells, there are cases 
where they appear crowded in certain portions of cytoplasm adjoining the 
vacuole (Photos 2 and 5). Under phase contrast, the vacuoles stand out 
clearly and the granules which are almost uniform in size are prominent 
(Photos, 3, 4, 5 and 6). Though some of these granules may appear as if they 
are inside the vacuole, closer examination reveals that they are located in the 
cytoplasm above the vacuole. The arrangement of the granules may some- 
times give the impression of a string of beads (Photos 2, 4, 6 and 8; ef. 
Hieronymus cited by Wager, 1898) and some of them may be disposed in the 
tongue-like projections of the cytoplasm into the vacuole (Photos 4, 5 and 6). 
The distribution of the granules in different cells show no uniformity (Photos 
7, 8 and 9) and granulation can occur in the absence of a vacuole (Photos 8 
and 9). 


Though the vacuoles and the granules are the prominent cytoplasmic 
inclusions, instances are not wanting where the cells show no visible structures. 
Such a stage is illustrated in Photos 10, 11 and 12 taken under ordinary, phase 
contrast and dark ground illumination respectively. The percentage of such 
cells in a population is very low (Table I). The lighter areas in the cell in 
Photo 10 are not vacuoles but represent regions o* differing optical density. 
The possibility of obtaining cells with clear cytoplasm showing no granules 
and vacuoles by controlling the cultural conditions has been indicated by a 
few workers (Lietz, 1951; Subramaniam, 1952; Aswatha Narayana, 1956). 
Such cells appear comparable to the embryonic cells of plants and animals. 
If the above suggestion is considered plausible, then the vacuoles and granules 
occurring in the cells turn out to be mere neo-formations. 


In yeasts, according to Guilliermond (1941), the vacuoles can arise de 
novo. Such neo-formation of the vacuole has been demonstrated earlier 
inthis laboratory. Photos 13 and 14 taken under ordinary and phase contrast 
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microscopes are of uni-vacuolar non-granular cells. The vacuoles appear 
more or less spherical. The three cells in the phase photograph 15 exemplify 
variation in the size of the vacuoles. In cells of the same size class, there 


is no fixity in the dimensions of the vacuole and its final volume would depend 
naturally on the size of the cell. 


Most of the individuals in a population are non-budding. Budding 
cells are rare. Both the mother and bud may contain a vacuole (Photo 16). 
Examination with the phase contrast microscope complements the above 
observation. In budding cells the mother generally contains a vacuole while 
the bud may (Photo 17) or may not (Photo 18). As in other instances, the 


granules in these cells also occur only in the cytoplasm and hence outside 
the vacuole. 


Multi-vacuolate Cells—The origin of the multi-vacuolate condition is 
interesting. As a prelude, the vacuole becomes chambered by the intrusion 
of cytoplasmic strands (Photos 3, 4, 5, 6 and 19). At this stage they have 
a bizarre shape. By the interconnection of adjacent strands, a single large 
vacuole becomes divided into a number of smaller ones. The commence- 
ment of such a process is evident in Photo 19 where one of the chambers has 
become transformed into a small vacuole. The different stages of this pro- 
cess can be followed in Photo 20. The cell A shows a vacuole which is clearly 
delimited from the cytoplasm, while in cell B the constriction is well formed, 
there being only a canal connecting the two. In cell C the smaller vacuoles 
of differing sizes are independent. In Photo 21 there are 6 separate vacuoles 
arranged in the form of a ring. When the vacuoles in a cell lie close together, 
there may occur the legitimate doubt that they may be interconnected. But 
when they lie far apart it is possible to scan the intervening cytoplasm for 
possible canals. Observations especially with the phase contrast microscope 
leave no room for doubt that in cells containing 2, 3, and 4 vacuoles, each of 
them is a separate entity (Photos 22, 23, 24 and 25). Cassaigne (Guilliermond, 
1941) showed that in some instances the vacuole of the bud originates from 
that of the mother cell. "When a daughter can be pinched off from the mother 
vacuole at the time of budding, a similar phenomenon can happen in the 


mother cell itself and one of the smaller vacuoles may then migrate to the bud 
(Photo 26). 


Dancing Bodies——Granules which exhibit Brownian movement, the 
‘dancing bodies’, have been observed inside the vacuole by many workers. 
Their number is said to be variable. While Wager and Peniston (1910) 
report one large or two or three smaller refractive granules, Guilliermond 
(1920) is of the view that metachromatic granules of varying number showing 
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characteristic Brownian movement occur exclusively inside the vacuoles. 
Nagel (1946) observes: ‘* At times one to several particles could be seen 
moving in the magnicorp (= vacuole) and occasionally these appear to be 
paired” (p. 262). Hartman and Liu (1954) record the occurrence of usually 
one but occasionally of several ‘ central granules’ inside the vacuole. 


In general only one dancing body is present inside the vacuole of some 
cells of S. carlsbergensis. In very rare instances more than one has also 
been noticed. Being rarely stationary, it is rather difficult to photograph it. 
Photo 27 is that of a cell where the vacuole encloses a dancing body. Varia- 
tions in its size and position are illustrated in the phase contrast micrographs 
31, 32, 33 and 34. Sometimes it occurs attached to the inner side of the 
vacuolar boundary (Photos 31 and 34). When the cell is multi-vacuolate, 
each vacuole may contain a granule (Photos 28 and 30). Usually only some 
of the vacuoles in a cell exhibit a dancing body (Photo 29). A rare case of 
three attached bodies inside a vacuole is illustrated in Photo 35. 


Vacuolar Membrane.—A perusal of Photos 1-11 and 13-26 taken with 
the ordinary as well as the phase contrast microscope offers no clear evidence 
for the presence of a vacuolar membrane. In fact the intrusion of cytoplasmic 
Strands into the vacuolar space (Photos 4 and 19) would militate against 
such an idea. But in cells illustrated in Photos 27-30 and 34, the vacuole 


appears as if it has a distinct boundary. Guilliermond (1941) mentions that 
some vacuoles alone show a luminous contour when examined with the ultra- 
microscope. Only formed structures capable of reflecting light are usually 
seen under dark ground illumination. To test the suspicion whether the 
vacuoles in some cells really have a membrane, living cells were examined 
under the ultramicroscope. 


Only about 10-12% of the cells show luminous contours to their vacuoles. 
The vacuolar boundary is often indicated by the regular disposition of the 
luminous granules at its periphery (Photo 36). Even when the vacuolar 
membrane is luminous its clarity is blurred if cytoplasmic granules occur 
near it. Therefore, cells almost free of cytoplasmic granules were chosen 
for illustration. The luminous contour when present is unmistakable 
(Photos 37-42). In budding cells, the vacuoles in both the mother and bud 
may exhibit luminous boundaries (Photos 38, 40 and 42). The budding cell 
in Photo 40 is interesting in that the vacuolar boundary has a beaded appear- 
ance. Even in multi-vacuolate cells instances are not wanting where all the 
vacuoles show luminous borders (Photos 41 and 42). Attention is invited 
to the fact that the membrane of each vacuole being entire, they are inde- 
pendent entities and not the lobes of a single vacuole. 
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Glycogen.—For locating glycogen, Lugol’s solution (I, 1 gm.; KI 2 gm. 
100 ml. dist. water) was used (Carleton and Leach, 1938). If cells are mounted 
in a drop of the above solution the areas containing glycogen stain reddish 
brown. But there is considerable distortion of the vacuole. Only in some 
cells could the vacuole be made out as an unstained area (Photo 43). 
Iodine masks the cytoplasmic granules but they could be located if the cells 
are examined carefully. The quantity of glycogen present is not uniform 


and its distribution is irregular. In certain cells the entire cytoplasm appears 
loaded with glycogen (Photo 44). 


It was thought desirable to investigate whether glycogen occurs inside 
or outside the vacuole. For this purpose one ml. of Lugol’s solution diluted 
to 10 ml. with distilled water was employed. Such a dilution preserves the 
vacuole. The reddish brown glycogen areas occur in the cytoplasm and 
hence outside the vacuole (Photos 45 and 46). 


Nucleus.—The nucleus was invisible in living cells. However, it could 
be revealed after fixation with dilute Lugol in a test-tube for a period of 30 
minutes. Since the colour imparted to the cells by the fixative masks the 
region of the nucleus, it was found necessary to store the slides in 70% 
alcohol for 12 hours to remove the iodine. They were then washed under 
the tap for 30 minutes and examined under the phase contrast microscope. 


The nucleus appears as a homogeneous body outside the vacuole but in close 
contact with it (Photos 47 and 48). 


DISCUSSION 


The nucleus is not visible in the living cells even under the phase con- 
trast microscope. But if cells fixed in dilute Lugol’s solution are examined 
under the phase contrast microscope after the removal of the iodine with 
70% alcohol, a spherical structure is seen which exhibits the staining reactions 
of the nucleus (Photos 47 and 48). Judged in relation to the above struc- 
ture, the vacuole and the granules are extra nuclear in position. 


The cells of a population from 24-hr. agar slants show wide variation 
in the occurrence of the cytoplasmic organelles. Four distinct categories 
could be observed. These are: (1) cells with vacuoles and granules; 
(2) cells with vacuoles but without granules; (3) cells with granules but with- 
out vacuoles; and (4) cells without granules or vacuoles (see Table I). The 
last class constituting but a very small percentage was suggested to be com- 
parable to the embryonic or meristematic cells (Subramaniam, 1952; 
Aswatha Narayana, 1956). If the above suggestion is considered plausible, 
the vacuoles and granules are neo-formations (Guilliermond, 1941). 
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Guilliermond (1941) suggested that the vacuole of yeast often arises 
de novo. The occurrence of cells with and without vacuoles recorded in 
the present study may justify the above conclusion. 


Vacuolar Membrane.—Wager and Peniston (1910) who identify the 
vacuole as the nucleus observe: ‘“‘ There seems to be no definite limiting 
membrane around the nucleus and the apparent disappearance of the vacuole 
in certain fixing fluids may be due to the contraction of the vacuole and the 
intrusion of the surrounding cytoplasm into it, in such a way that the delimi- 
tation between the two is no longer clearly visible’ (p. 76). While most 
authors surmise the existence of a vacuolar membrane, critical evidence for 
its existence is rather scanty (Table II). 


TABLE II 
Record of Observations on the Vacuolar Membrane 


1. Janssens and Leblanc, 1898 “* The vacuole is taken for the nucleus by 
Janssens and Leblanc who describe 
the nucleus of the yeast plant as con- 
sisting of a membrane, caryoplasm 
and a nucleinated nucleolus ” (Wager, 
1898, p. 520). 


2. Wager and Peniston, 1910 No definite limiting membrane around the 
vacuole. 

3. Guilliermond, 1941 Some vacuoles have a luminous border 
under the ultramicroscope (Figure 110, 
A, p. 165). 

4. Nagel, 1946 A vacuolar membrane is surmised to be 
present. Not illustrated. 

5. Lindegren and Rafalko, 1950 “* The presence of a definite nuclear mem- 


brane is indicated by the regular out- 
line of the nuclear vacuole rather than 
by actual observation of a definite 
structure” (p. 172). 


6. Lindegren, Williams and McClary, The vacuole (= nuclear vacuole) is said 
1956 to have a membrane (Text Fig. 1). 


7. Aswatha Narayana, 1956 With the increasing age of the culture, 
more and more cells exhibit luminous 
contours to their vacuoles under dark 
ground illumination. Illustrated with 
photomicrographs. 


8. Saraswathy Royan, 1956 Under dark ground illumination cells from 
a five-day wort culture exhibit lumi- 
nous borders to the vacuoles. Illus- 
trated with photomicrographs. 
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Observations under the ultramicroscope show that some of the cells 
exhibit a luminous contour. A dancing body when present appears luminous 
under dark ground illumination. Often a vacuole having a luminous border 
has also a dancing body which reflects light. If the existence of the dancing 
body is conceded, the luminous border has to be considered as a well formed 
vacuolar membrane (see Photos 8 and 9, Aswatha Narayana, 1956; cf. 
Chambers and Hofler, 1931). It would appear from the photographs that only 
in a small percentage of cells has the vacuole a well formed membrane. This 
would be in conformity with the finding that with the increasing age of a 
culture, more and more cells show luminous borders to their vacuoles 
(Aswatha Narayana, 1956). 


The absence of a membrane to certain vacuoles raises the question as to 
whether such spaces could after all be identified as vacuoles. The areas 
occupied by glycogen are often referred to as glycogen vacuoles. But these 
spaces are not delimited from the rest of the cytoplasm by a well formed 
membrane. Zirkle (1937) mentions in his review that “there is little 
doubt but that the vacuole is surrounded by a layer which is impervious to 
many of its components” (p. 19). If that is so, only spaces exhibiting 
luminous borders could be identified as vacuoles. The others lacking such 
a membrane constitute merely stages in the development of a typical 
vacuole (cf. Guilliermond, 1941). 


An idea of the presence or absence of a membrane to the vacuole is 
essential to evaluate the effect of fixatives on the cells. A vacuolar space 
not delimited from the cytoplasm by a well formed membrane may collapse 
on fixation (Wager and Peniston, 1910; cf. Lindegren, McClary and 
Williams, 1955). 


Wager (1898) reports that the uni-vacuolate stage succeeds a multi- 
vacuolate one. In S. carlsbergensis, on the other hand, the multi-vacuolate 
condition appears to originate from the uni-vacuolate one (Photos 3, 4, 5, 
6, 19, 20 and 21; cf. Photos 4, 5 and 6, Aswatha Narayana, 1956). The 
possession of luminous borders by each of the vacuoles in a multi-vacuolate 
cell leads one to presume that they may not be interconnected. 


It is not possible to identify the cytoplasmic granules by a mere study 
of living cells. An attempt is being made to elucidate this aspect by vital 
staining complemented by fixed and stained preparations. 


SUMMARY 


1. Living yeast cells from 24-hr. agar slants were studied under ordi- 
nary, phase contrast and dark ground illumination. The majority of the 
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cells in a population are non-budding, vacuolated and contain variable 
numbers of granules. The various cell types are described and illustrated. 


2. The multi-vacuolate condition arises as a result of septation of a 
single vacuole. There are no canals connecting the vacuoles in a cell. 


3. Evidence for the existence of a vacuolar membrane is adduced from 
observations under dark ground illumination. The vacuole encloses a 
dancing body in certain cells. 

4. The glycogen areas are located outside the vacuole. The nucleus 
though not visible in living cells is revealed after fixation in dilute Lugol’s 
solution. It appears as a homogeneous body situated outside the vacuole. 
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DESCRIPTION OF PHOTOMICROGRAPHS 
PLATE XX 


Granulated uni-vacuolate cells (Ordinary illumination). 


Note the granules disposed in the tongue-like projections of the cytoplasm 
into the vacuole (Phase contrast). 


Irregular distribution of the granules (Phase contrast). 
Granules are prominent. No vacuole (Ordinary). 
Cytoplasm bereft of inclusions (Ordinary). 


(Phase contrast). 
(Dark ground). 
Uni-vacuolate non-granular cell (Ordinary). 


Variations in the size cf the vacuole (Phase contrast). 
Both mother and bud show a vacuole (Ordinary). 

The mother alone contains a vacuole (Phase contrast). 


The formation of the multi-vacuolate condition. One of the chambers 
has become transformed into a vacuole (Ordinary). 


Stages in the origin of the multi-vacuolate condition (Phase contrast). 
Six vacuoles arranged in the form of a ring (Phase contrast). 
A bi-vacuolate cell (Ordinary). 

= » (Phase contrast). 


PLaTe XXI 


Two of the cells show three vacuoles each, and the third one two (Phase 
contrast). 


A cell with four vacuoles (Ordinary). 
Mother-cell has two vacuoles while the bud has only one (Phase contrast). 
The vacuole encloses a dancing body (Ordinary). 
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Photo 28 
Photo 29 
Photo 30 
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Two vacuoles, each with its dancing body (Ordinary). 
Only two among the three vacuoles possess a dancing body (Ordinary). 
Five vacuoles, each showing a dancing body (Ordinary). 


Photos 31, 32, 33 & 34 Variations in the size and position of the dancing body (Phase contrast). 


Photo 35 
Photo 36 
Photo 37 
Photo 38 
Photo 39 
Photo 40 


Photo 41 
Photo 42 
Photos 43 & 44 


Photos 45 & 46 


Photos 47 & 48 


Three attached bodies inside a vacuole (Phase contrast). 

Luminous granules indicate the vacuolar boundary (Dark ground). 

The vacuole has a luminous border (Dark ground). 

Mother and bud show each a vacuole (Dark ground). 

Vacuole is present only in the mother cell (Dark ground). 

Vacuolar boundary appears beaded in both the mother and bud (Dark 
ground). 

Cell with three separate vacuoles (Dark ground). 

Mother and bud show the multi-vacuolate condition (Dark ground). 

Glycogen areas stained by Lugol’s solution. The vacuole is visible only 
in some cells (Ordinary). 

Cells stained with dilute Lugol to show that glycogen occurs only outside 
the vacuole (Ordinary). 

Cells fixed in dilute Lugol, stored in 70% alcohol and washed in water. 
The nucleus is seen as a homogeneous body outside the vacuole (Phase 
contrast). 


Range in cell size: 2-2-7-3 x4-4-14-64y. 


DB, Dancing body; G, Granules; N, Nucleus; V, Vacuole; VM, Vacuolar membrane. 
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CARBON NITROGEN METABOLISM OF 
SOIL FUNGI*—I 


By S. NATARAJAN 
(Chemistry Department, Madras Christian College, Tambaram) 


Received August 22, 1956 
(Communicated by Dr. S. V. Anantakrishnan, F.A.Sc.) 


INTRODUCTION 


EXTENSIVE studies of living fungi are now being made primarily because of 
their importance in relation to wilt diseases of many plants of interest both 
to the plant physiologist and plant pathologist. The present study is a joint 
investigation with the University Botany Laboratory, Madras, where the 
complimentary part, the physiology of host-plant is being investigated. Pure 
culture studies of the pathogenic fungi Fusarium vasinfectum and Fusarium 
udum which are responsible for the wilt of cotton and Cajanus cajan were 
made using different sources of carbon as well as nitrogen. While recog- 
nizing the importance of host-parasite response to nitrogen amendment, 
the present study was confined to investigations on the effect of carbon, 
nitrogen sources on the pathogens alone in pure culture studies. This may 
enable one to understand more clearly the host-parasite relation. Further, 
the importance of this problem “ Carbon nitrogen metabolism of the patho- 
genic fungi’’ becomes clear when we consider that the disease reaction in 
plants is the resultant of host-parasite metabolic activities and to understand 
clearly the ‘ wilt’ concept in plants, a thorough study of the physiology of 
the parasite is absolutely essential. 


MATERIALS AND METHODS 


The general techniques followed for the preparation of media and main- 
tenance of cultures were essentially those of Rawlins (1933); special methods 
used are detailed below. 


The organisms were grown on 50 ml. of Richard’s nutrient medium 
(Rawlins, 1933). The nitrogen source was varied by the use of sodium nitrate, 
potassium nitrate, ammonium sulphate and ammonium chloride. Equi- 
valent quantities of nitrogen sources were used so that 1400 mg. of nitrogen 
was present in a litre of the medium. Two carbon sources sucrose and 
glucose, were used with each nitrogen source. The culture flasks were 250 ml. 


* Based on Thesis approved for the Degree of Master of Science of the University of Madras. 
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Hysil Erlenmeyer flasks. Chemicals used were B.D.H. Analar Grade. 
The medium was sterilised by autoclaving at 101b. per sq. inch steam 
pressure for 15 minutes. The sugar solution was separately sterilized and 
added to other sterilized solution. This avoids hydrolysis of sugar and 
caramelization. 


Method of Inoculation 


Cultures of F. vasinfectum and F. udum were grown on potato-dextrose- 
agar medium in pyrex glass test-tubes. Young cultures of seven days, having 
very good mycelial growth, was the source of inoculum. Uniform bits of 
aerial mycelium were used for inoculation because of increasing evidence of 
essentiality of ‘trace elements’ and vitamins and growth-promoting factors 
(Wolf and Wolf, 1947), which are likely to be present in the agar that are used 
for the purpose. 


All the culture flasks were incubated for the desired period at the labo- 
ratory temperature which fluctuated between 28-32°C. At intervals of 4, 
6, 8, 10, 15 and 20 days following inoculation, three flasks were taken out 
for analysis. The following determinations were made: — 

1. pH of the filtrate. 

2. Dry weight of the fungal mat. 

3. Total nitrogen content of the mat. 

4. Residual nitrogen in the filtrate: 

(a) Total nitrogen, 
(b) Nitrate nitrogen, 
(c) Ammonia nitrogen, 

5. Reducing sugar in the filtrate. 

The determinations of total nitrogen in the substrate and total nitrogen 
content of the mat were made according to Anantakrishnan and Pai (1952). 
The pH of the medium was found with electronic pH meter. 

Dry Weight of Fungal Mat 


Mycelium was removed for filtration using previously weighed What- 
man No. 42 filter-papers and dried to constant weight at 45° C. by infra-red 
radiation as advocated by Pink, Franklin and Allison (1944). 


Determination of Reducing Sugar 
The filtrate was hydrolysed if the carbon source is sucrose with 3 ml. 
of 8 N HCl at 70°C. for 20 minutes. It was then cooled and made up 


to 50 ml. and aliquot amounts used for sugar analysis. Reducing sugars 
were determined according to Somogyi (1945 and 1952). 
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Determination of Ammonia Nitrogen 


10 ml. of the made-up solution neutralised with sodium hydroxide was 
steam distilled with 10 ml. of phosphate buffer of Nichols and Foote (1931) 
for 4 minutes in a Parnas and Wagner apparatus. 


Determination of Nitrate Nitrogen 


2 ml. of the filtrate was boiled with 5 ml. NaOH for 10 minutes and 
cooled. Reduction was carried out with iron and 1:1 sulphuric acid on a 
water-bath at 70° C. for 2 hours and left overnight for the completion of the 
reaction (Lees and Quastil, 1946). 


DATA AND DISCUSSION 
pH Relationships 


In the present study it was found that the reaction of the media in which 
the fungi grew was influenced by the sources of carbon and nitrogen meta- 
bolised by them. With both fungi when nitrates were used along with sucrose 
as the carbon source, there was initial lowering of pH from 4-8 to 4-6 on the 
fourth day. With nitrate-glucose media the initial pH was maintained on 
the fourth day. The initial lowering of pH may arise from the formation of 
organic acids (Pratt, 1924) from sugar metabolism and the subsequent rise 
is by the utilization of these acids (Moore, 1924). With increasing periods 
of incubation using nitrates, the pH rose towards neutrality (Figs. 1 and 2). 
F. vasinfectum F. udum 
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incubation Days Incubation Days 


TexT-Fic. 2. Carbon Source—Glucose. 


When ammonium salts formed the nitrogen source in the nutrient media along 
with sucrose or glucose as the carbon sources, the behaviour of both fungi 
appeared alike, the pH of the medium tending progressively to acidic through- 
out the period of incubation, the final solution having a pH of 2-0. This 
is primarily accounted for by the equilibrium 


NH,* = NH; + Ht 


which is shifted steadily to the right by the utilization of ammonia (Figs. 
1 and 2). Owing to the metabolic activities of the fungus, the hydrogen-ion 
concentration of a nutrient solution may be expected to change and these 
changes arise from variations in the relative amounts of acids and bases of 
differing ionisation constants formed or used up. The utilization of cations 
such as ammonia ion for the synthesis of protoplasm or for any other purpose, 
is accompanied by the liberation of hydrogen-ions of equivalent amounts, 
since the products formed are invariably ‘ Zwitter-ionic’ and the electrical 
neutrality of the medium is maintained by such a process. Several metabolic 
processes operate for the change of pH of a culture medium, (a) utilization 
of cations, (b) utilization of anions, (c) formation of acids from neutral meta- 
bolites especially carbohydrates and (d) reduction of nitrates. The net 
change in pH is the resultant of all the processes. 


Mat Production 


Just as the nature of the carbon and nitrogen sources influence the pH 
changes of the medium, during the incubation period, so also the variations 
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in sources of carbon and nitrogen influence the production of mycelial mat. 
Sodium ions appear to favour growth better than potassium during the initial 
stages, the period being apparently characteristic of each fungus and the 
carbon source (Figs. 3 and 4). An analysis of the results with ammonium 
salts shows that ammonia nitrogen utilised in either case is consistent with the 


F.  vasinfectum F. udum 
600 


o NaNO, 


KNO, KNO, 
* (NH.).SO. 


Mat weight (mg.) 


6 8 101214161820 2 4 6 8 10 12 14 16 18 20 
Incubation Days Incubation Days 
TexT-Fic. 3. Carbon Source—Sucrose. 


suggested mechanism but even the anion is not without influence. Sulphate 
ion being probably more toxic than chloride ion for the growth of Fusarium 
vasinfectum except on the fourth day while the reverse is the case for F. udum 
when sucrose is the carbon source, but when glucose is the carbon source, 
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glucose-ammonium sulphate media gives better growth than glucose- 
ammonium chloride media for both fungi. 


F. vasinfectum F. udum 
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Incubation Days Incubation Days 
Text-Fic. 4. Carbon Source—Glucose. 


Nitrogen Content of the Mat 


Since nitrogen content of the mat roughly parallels mat-weight, useful 
information is given by a study of the nitrogen content (Table I). Young 
cultures 4 days old, show a higher percentage of nitrogen than older cultures. 
This is observed with all nitrogen and carbon sources used in the present study. 
The nitrogen proportion in the mycelium tends to decrease with age, indi- 
cating a lower protoplasmic activity in the older cultures. The intervention 
of autolysis, which increased with age, causes a change in the relative 
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TABLE I 
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Percentage Nitrogen Content of Mat 


Nitrogen Sources 


Carbon Fungus {incubation 
Source in days Sodium Potassium | Ammonium | Ammonium 
Nitrate Nitrate Sulphate Chloride 

Sucrose ..\F. vasinfectum 4 5-000 6-001 5-994 5-094 
6 4-498 5-491 5-896 4-590 
8 4-478 5-264 5-794 4-904 
10 4-504 5-801 5-698 4-964 
15 4°385 5-462 5-593 4-598 
20 4-316 5-412 5-575 4-552 
Sucrose -\|F. udum 4 5-000 4-799 6-006 4-795 
6 4-493 4-000 5-896 | 4-595 
8 4-493 4-004 5-893 4-590 
10 4-493 4-000 5-898 4-431 
15 4-398 4-000 5-899 | 4-604 
20 4-441 3-741 5-892 4-424 
Glecose vesinfectum 4 | 6-299 5-192 4-821 | 4-499 
6 | 5-100 4-979 4-583 4-298 
8 | 5-093 5-000 4-500 4-149 
10 | 4-930 4-997 4-464 } 4-199 
15 4-936 5-034 4-511 4-194 
20 4-662 5-001 4-476 4-187 

Glucose ..|\F. udum 4 5-211 6-333 5-188 4-550 
| 6 5-200 5-100 4-591 4-482 
8 5-100 5-228 4-601 4-498 
| . 5-549 4-555 4-498 
5-038 4-503 4-486 
5-637 4-486 

| 


B4 


matweight. 


Carbohydrate Utilisation 


composition of cell material which is usually accompanied by a decrease in 
Hence the nitrogen content of the mat may be expected to be 
higher in young cultures. An analysis of the results of the table shows that 


the percentage nitrogen in mat varies with carbon source, nitrogen source 
and the fungus. 


The nature of the nitrogen source seems to influence even the utilisation 
of carbohydrates (sucrose or glucose). The whole of the carbohydrates 
introduced was depleted from the medium with nitrates as nitrogen sources 
on the 20th day of incubation, but in the presence of ammonium salts, con- 
siderable amounts of sucrose or glucose remained with both fungi (Table Il). 
Nitrates obviously require extra energy for their conversion to an assimilable 


form, the carbohydrates being utilised for this purpose. Further the effect 
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of pH cannot be overlooked, carbohydrates utilization being less in acid 
solution than in neutral ones. 


TABLE II 
Residual Reducing Sugar (mg.) in the Substrate of the Fungi 


Nitrogen Sources 


in days Sodium Potassium | Ammonium | Ammonium 
Nitrate Nitrate Sulphate Chloride 


Sucrose ..| vasinfectum 


Glucose ..| vasinfectum 


Glucose ..| F. udum 


Residual Nitrogen in the Substrate 


With increasing periods of incubation residual total nitrogen decreases 
and then increases (Table III). This increase of total nitrogen may be per- 
haps due to autolysis of the fungal mat. When sodium nitrate is the nitrogen 
source, the residual nitrate nitrogen reaches a limiting value after which it 
remains stationary with both fungi. However, from the 15th day, there is 
a progressive increase of ammonia nitrogen. This may be due to autolysis 
of fungal mat. Synchronous with the increase in the residual nitrogen of 
the substrate a drop in nitrogen accumulated in the fungal tissue was also 
noticed. With potassium nitrate, ammonia nitrogen is detected on the 20th 
day for F. vasinfectum and F. udum on the 15th and 20th day, this also might 
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have been the result of autolysis, and growth apparently dominates autolysis, 
hence mat-weight increases after the 15th day, simulated with ammonia 
nitrogen production (Figs. 3 and 4). 


It is evident from Table III that the residual total nitrogen does not 
correspond with the residual nitrate nitrogen, or ammonia nitrogen or the 
sum of both as the case may be on any samplings. This may indicate that 
there are other forms of nitrogen present in the medium not accounted for 
under these categories. When nitrates are the nitrogen sources, the differ- 
ences indicate the formation of nitrogenous organic compounds besides 
reduction products. Indication of such compound formation is noticed 
even when ammonium salts form the nitrogen sources. This feature holds 
good with the two carbon sources and the fungus. 


These experimental results show that fungi in general must be regarded 
as differing among themselves fundamentally in their metabolic activities as 
far as the assimilation of various forms of nitrogen sources and carbohydrates 
are concerned. Further experiments which are in progress will shed more 
light on the various aspects of carbon-nitrogen metabolism of soil fungi. 


SUMMARY 


Carbon nitrogen metabolism of two fungi Fusarium vasinfectum and 
Fusarium udum associated with the wilt of cotton and Cajanus cajan respec- 
tively has been studied under varying conditions. The hydrogen-ion concen- 
tration of the culture media was found to depend on both carbon and nitrogen 
sources as well as the fungus. Nitrates and ammonium salts have opposite 
effects on the acidity of culture media, other conditions being the same the 
consumption of nitrate ions leads to increased alkalinity while the utilization 
of ammonium ions leads to higher acidity. The utilization of carbohydrates 
is found to depend on the nitrogen source as well as the fungus, nitrates in 
general requiring larger amounts. Nitrogen proportion of the mat is also 
variable. It is found to depend on both carbon and nitrogen sources, the 
nature of carbohydrate and the age and specificity of the fungus strain. 
Young cultures generally show a higher percentage of nitrogen than older 
cultures, irrespective of sources of nitrogen and carbon. Fusaria utilise 
both nitrate nitrogen and ammonia nitrogen in the presence of sucrose and 
glucose. 


One may conclude that both Fusaria displayed different physiological 
relationship. This is evident from their rates of growth, their nitrogen 
and sugar utilization and the associated changes of the media caused by them. 
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In Part I (Natarajan) it has been found that the nitrogen source as well as 
carbon source generally influences the growth of soil Fusarioses. If the carbon 
source is sucrose or glucose along with potassium nitrate, sodium nitrate, - 
ammonium sulphate, ammonium chloride, certain physiological dissimi- 
larities are markedly revealed between Fusarium vasinfectum and Fusarium 
udum. In the presence of nitrates, the utilization of carbohydrates is greater 
than when ammonium salts are present. The pH after initial lowering in 
the case of sucrose rose towards neutrality with nitrates, while with ammonium 
salts pH tends consistently towards greater acidity. These variations sug- 
gested that it is desirable to study the variations in sucrose utilization when 
the nitrogen in source is ammonium nitrate. 


MATERIALS AND METHODS 


The fungi were grown in 50 ml. of Richards synthetic liquid medium 
(Rawlins, 1933) in 250 ml. Hysil Erlenmeyer flasks. Four levels of sucrose 
were tried with ammonium nitrate as the nitrogen source. Besides nutrient 
salts 50 ml. of the medium contained: 


Level I1.—500 mg. sucrose + 70mg. of nitrogen in the form of 
ammonium nitrate; 


Level II.—1,000 mg. sucrose + 70 mg. of nitrogen in the form of 
ammonium nitrate ; 


Level III.—2,500 mg. sucrose + 70mg. of nitrogen in the form of 
ammonium nitrate; 


Level ITV.—5,000 mg. sucrose + 70mg. of nitrogen in the form of 
ammonium nitrate. 


Standard mycological technique and determinations as indicated in Part I 
were followed. 


* Based on Thesis approved for the Degree of Master of Science of the University of Madras. 
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DATA AND DISCUSSION 


At all concentrations of sucrose there is the initial lowering of pH from 
4 to 3-8 on the fourth day (Fig. 1) when ammonia nitrogen is found to be uti- 
lised greatly and preferentially compared with nitrate nitrogen (Table 1). 


sf LEVEL 1 


LEVEL 2 


UDUM 


LEVEL 4 


pSINF ECTUM 


2 4 6 8 0 12 14 6 18 20 2 4 
DAYS OF INCUBATION 


6 8 10 12 14 16 18 20 
DAYS OF INCUBATION 


Fic. 1 


This phenomenon is analogous to those already noticed with sodium and 
potassium nitrates. Sucrose-nitrate combination is apparently responsible 
and the exact mechanism leading to the initial lowering of pH in these media 
is not clear. It may be mentioned that in these combinations the initial pH 
is in the region of acidity where nitrate ions can function as an oxidising agent. 
Taking the particular case of ammonium nitrate, ammonia nitrogen is utilised 
to different extents on the fourth day, depending on the concentration of the 
sucrose and only a small amount of nitrate nitrogen is utilised (Nitrate 
nitrogen = Ammonia nitrogen = 35 mg. initially). The sucrose used also 


varies but the initial lowering of the pH is the same with both fungi. The 
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formation of new compound is a necessary corollary to this result. Again 
F. udum shows a more rapid change in pH than F. vasinfectum after the initial 
lowering of pH, in levels I, If and the order is reversed in levels III and IV. 


After the initial utilization of ammonia nitrogen, ammonia nitrogen 
concentrations apparently remain steady for any particular level (sucrose). 
Superficially this may suggest that both Fusaria preferentially utilise nitrate 
nitrogen. It is however more likely that this is really a steady state in a dyna- 
mic system, the rate of production of ammoniacal nitrogen balancing the uti- 
lization of the same by the fungus. Dimond and. Waggoner (1953) in the 
study of F. lycopersici and F. oxysporum have observed, “‘ When an organism 
can use either nitrate or ammonium nitrogen, selective absorption of nitrate 
ions generally results in an increase in pH as the resulting ‘ cation’ becomes 
associated with ‘OH’ ions”. In other words, increase in pH may be due to 
the formation of ammonium ions. Luz (1934) and Pai (1951) attribute the 
initial lowering of pH to the initial utilization of ammonium ions, and after- 
wards the amount of ammonia nitrogen remains steady with the decrease 
of nitrate nitrogen and a consequent increase in pH. It is necessary to con- 
sider other factors also to properly account for the observations. 


With increasing concentrations of sucrose, mat-weight increases for 
both fungi when-the sucrose concentration is 2,500 mg. but later the mat- 
weight decreases. On the whole the mat-weights follow the carbohydrate level 
Ill > IV> IL >I, the third level being the optimum concentration for growth. 
It is to be inferred that for any particular fungus there must be a specific 
carbon-nitrogen ratio, depending on both nitrogen and carbon sources for 
optimum growth. Further the maximum concentration of the medium which 
allows the growth of a particular fungus may be related to the osmotic pressure 
of the cell-sap (Hawker, 1950). Thus, when osmotic pressure of the external 
solution rises above that of the cell-sap, the hyphe become plasmolysed and 
water is lost from the cytoplasm. With even higher osmotic pressure on the 
medium, the protoplast becomes seriously dehydrated. Growth is thus 
impossible. Hence growth is inhibited if the concentration is increased above 
certain maximum values. This is true for the two Fusaria investigated 
(Fig. 2). At level I and II mat-weight is greater with F. udum than with 
F. vasinfectum on all corresponding days. If the mat-weight is considered to 
be indicative of the growth of a fungus, at lower concentrations of sucrose, 
F. udum grows better than with F. vasinfectum. At levels III and IV mat- 
weight is initiallly greater with F. udum than with F. vasinfectum, but after 
the fourth day, F. vasinfectum grows better since the mat-weight is greater 
(Fig. 3). This is perhaps due either to the synthesis of some growth-promot- 
ing factor by F. vasinfectum or to the formation of some toxin by F. udum 
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inhibiting growth. It may be assumed that the formation of an inter- 
mediate complex compound differing with the fungus and the concentration 
of the sucrose may accelerate or retard the growth as the case may be. At 
lower concentrations of sucrose and at higher concentrations during the ini- 
tial stages F. udum grow better than F. vasinfectum. The influence of re- 
action products on the reaction may not be overlooked, as they may 
accelerate or retard the reaction and hence the growth. 


As with mat-weight, nitrogen accumulated in the mat is greater with 
F. udum than with F. vasinfectum on all corresponding days for level I, level II, 
but at higher levels the order is reversed except on the fourth day (Table II). 
Since nitrogen content of the mat follows the same order as the mat-weight, 
and because the mat-weight appears to be associated with the utilization of 
sucrose, the nitrogen uptake by the fungus is also related to the amount of 
carbohydrate present, there may also be an optimum concentration where 
this uptake will be very rapid (Table II). With both carbohydrate utilization 
and nitrogen accumulation in mat one may expect a general relationship 
of the form Wz = Woe**, the logarithmic change of each when compared, 
should then show a linear relation. This is seen to be generally the case in 
the present study (Figs. 4 and 5). 


Younger cultures have a higher percentage of nitrogen than 20-day old 
cultures, at all levels for both Fusaria (Table III). An interesting feature is 
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that, with the same amount of sucrose, young four-day cultures have nearly 
the same order in the percentage of nitrogen for both Fusaria. Steinberg’s 
(1939) investigations on the utilization of A. niger in relation to sugar con- 
centrations, indicated increased mycelial dry-weight synthesis, with increasing 
sugar concentration in media with the same initial content of ammonium 
nitrate and otherwise identical conditions. However nitrogen removed from 
the medium in these cases was nearly the same, irrespective of sugar levels 
and differential in cell material synthesized. He found that actually a very 
high C/N ratio in the medium is important, for as it decreased for any given 


a 306 S. NATARAJAN 
1 
UDUM 
80 
60 
40) 
20 
L 
EVEL 4 
& 
y 
> 

VASINFECTUM 
F. UDUM 
100 

2 4 


arly 

erg’s 
con- 
nium 
from 
levels 


Carbon Nitrogen Metabolism of Soil Fungi—Ill 


LEVEL 1 


° LEVEL 2 
- 
3 
| | 
| 3 
j 
8 
~o3F 


LOG SUCROSE USED LOG SUCROSE USED 


Fic. 4, F. vasinfectum 


concentration of carbohydrate, fat synthesis falls off markedly presumably 
because the carbohydrate is diverted to protein synthesis. Under conditions 
of nitrogen starvation, the nitrogen content of the mat may be as low as 1%. 
On the other hand the value may be extremely high during luxury consump- 
tion of nitrogen sources in the early stages of the growth, and in the nitrogen- 
rich media, or in the absence of available carbohydrate, i.e., low C/N ratio. 
As it is noticed that young cultures have got higher percentage of nitrogen, 
it is possible that the nucleoprotein and other important nitrogenous 
compounds of the cell are prepared during the early stages of growth, and 
as the fungus ages, reserve carbonaceous materials of a storage or fibrous 
cell-wall nature are laid down, resulting in the decrease of the percentage 
nitrogen content of the mat (Foster, 1949). 


As has been pointed out in Part I the residual total nitrogen is greater 
than the sum of ammonia nitrogen and nitrate nitrogen with both fungi at 
all levels of sucrose. Inorganic nitrogen is first converted to the organic 
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TABLE III 


Percentage Nitrogen Content of the Mat. Sucrose Series 


Days of Level Level Level Level 
incubation I Il Ill IV 


F. vasinfectum 
5-602 
5-602 
5-682 
5-602 
5-529 
5-264 


5-500 
5-501 
5-641 
5-144 
4-799 
4-794 


5-995 5-797 
5-999 5-733 
5-999 5-598 
5-799 5-598 
5-698 5-486 
5-798 5-494 


5-999 5-797 
5-923 5-816 
5-999 5-652 
5-989 5-649 
5-999 5-602 
5-987 5-593 
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form and partly fails to be estimated as ammonia nitrogen or nitrate nitrogen. 
The difference tends to increase with increasing periods of incubation and is 


found to be a minimum with optimum carbohydrate concentration (level III) 
with both fungi (Table IV). 


TABLE IV 
Difference of Nitrogen (mg.) 


Days of Level 
incubation 


F. vasinfectum 
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SUMMARY 


Sucrose-ammonium nitrate medium behaves lika a true nitrate medium 
in that pH after an initial lowering rises towards neutrality unlike other 
ammonium salts. After the initial utilization of ammonia nitrogen, ammonia 
nitrogen concentration remains apparently steady for any particular level 
(sucrose) and hence Fusaria appear to utilise nitrate nitrogen preferentially. 
It is quite probable that there is a steady state between the production of 
ammoniacal nitrogen and the utilization of the same by the fungus. The rate 
of growth varies with the concentration of carbohydrate with an optimum 
C/N ratio for maximum growth. The rate of sucrose depletion and the rate 
of nitrogen accumulation of the mat follow an exponential law with both 
fungi. Presence of nitrogen compounds in the filtrate (other than ammonia 
nitrogen and nitrate nitrogen) is minimum at the optimum concentration 
level IIT (sucrose). 
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INTRODUCTION 


DuRING the course of an extensive survey to locate and study the structure 
of the nucleus in a living yeast (Royan and Subramaniam, 1956; Royan, 
1956 a, b), copulation and zygote formation was observed in 72-120-hour 
wort cultures of Schizosaccharomyces octosporus Beijerinck. Phaff and Mrak 
(1949) mention that though the older idea has been that well-fed yeasts sporu- 
late when conditions become unfavourable for budding, such an explanation 
would not be valid for Sch. octosporus since it sporulated in media contain- 
ing a large excess of nutrients (p. 33). A similar experience in this laboratory 
suggested a general survey of the morphological changes preceding sporula- 
tion with a view to present a pictographic summary of the variations observed 
as a basis for future studies on cytology. The history of our knowledge of 
sporulation in Sch. octosporus has been adequately reviewed by Phaff and 
Mrak (1948, 1949), Lodder and Kreger-van Rij (1952) and Widra and 
DeLamater (1955). 


MATERIAL AND METHODS 


Since asci with spores are present in 4-S-day old agar slants an attempt 
was made to determine approximately the minimum time required for sporu- 
lation on a slant at a room temperature of 22-25°C. The necessity for 
periodic examination of material from the same slant suggested the desira- 
bility of growing the yeast as isolated colonies with the consequent possibility 
of removing for examination one colony at a time without disturbing the 
others. This objective was achieved by streaking a very thin suspension of 
cells. In such 72-hour colonies, fusion stages, zygotes and often asci with 
spores could be observed. If cells from a 4-7-day agar slant be inoculated 
into barley malt wort of S.G. 1-020 and pH 4-6-4-8 and the vegetative cells 
killed by keeping the tube in water at 55° C. for five minutes, copulation as 
well as spore formation could be observed after the lapse of 3-5 days. The 
cells range in size from 4-9 x 6-18 and the asci ca 10p Xx 20n. 
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Material from both the sources were used for illustrations. Samples 
mounted in wort and sealed with paraffin to prevent the movement of the 
cells, were examined under an x 100 oil immersion lens using an x 10 eye- 
piece and photographed at 4 that magnification on Kodak ‘ Microfile’ film 
using a Leica attachment. The negatives were enlarged to varying diameters. 
The drawings in the pictographic summary were traced from the enlarge- 
ments. 

OBSERVATIONS 


A perusal of the pictographic summary and the micrographs would indi- 
cate that the gametes may be single cells (e) or one member each of two pairs 
of cells (d). Soon after formation the spores germinate (t, u, v, w, X, Y, Z) 
and hence the doubt is engendered whether the paired cells at d are the 
products of the first division of a spore or the result of separation from the 
multicellular masses shown at b and c. In view of Hansen’s (Guilliermond, 
1920) demonstration that under certain conditions the vegetative stages may 
be completely suppressed, both the above possibilities have to be kept in view. 


The gametes may fuse by equal-sized blunt projections (g) or one alone 
may put out a long conjugation tube and fuse with a cell almost spherical in 
outline (hf). It would appear from such a behaviour that one of the gametes 
is more active than the other. On the other hand the copulation tube may be 
a small one and of the same size in both the gametes (i). An exactly similar 
situation in which one of the pairing cells is a member of an unseparated pair 


is illustrated at j. Attention is invited to the septa still separating the two 
conjugating cells. 


Completion of the fusion would lead to the condition seen at k. One 
member of each of the two pairs may also fuse leading to a zygote in the 
middle with one free cell at either end (/). Or, the fusion may commence 
even before the members of a pair separate completely (f, m: cf. Guilliermond, 
1901). In the above instance there is an attempt at separation though it is 
not completed before fusion. 


Some rare instances seen in the material (m, 0) are rather intriguing, 
Judging from the normal formation of septa in germinating spores (w, x, y, z) 
these appearances (n, 0) are suggestive of the partial dissolution of the septum 
separating the two cells. Is it a prelude to the fusion of the two cells ? Stages 


n and o appear as corollaries to stage m if Guilliermond’s (1901) description 
is accepted. 


The shape of the ascus appears to depend on the mode of fusion and it 
may contain four or eight spores. The spores in a 4-spored ascus (q, s) are 
bigger than in an 8-spored one (p, r). Owing probably to the nutrient 
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available in the medium germination starts even before the spores are released. 
Germinating spores from an ascus, ruptured probably during the preparation 
of the specimen for photomicrography, are illustrated at ¢, u and v. Two 
of the spores have developed septa and it would be observed that the spores 
differ among themselves regarding the time of their first division. This is 
a common phenomenon. A septum is commencing to form at one side of 
the germinating spore at w while its formation has been completed in x. 


) The septum is relatively thicker in z while in y it is lenticular in appearance as 
n in many vegetative cells. 
DISCUSSION 


While some yeasts sporulate only when the medium has been depleted 
of its nutrients (Phaff and Mrak, 1949), Sch. octosporus sporulates in media 
containing an excess of the nutrients. This may suggest that sporulation is 
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an essential and regular stage in the life-cycle, but then, Beijerinck (1897) 
reports that continued transfer of vegetative forms on artificial media tend 
to make them asporogenous. It has been suggested that accumulated meta- 
bolic products of growth may inhibit growth and favour sporulation. But 
under the conditions of sporulation reported in this paper the spores were 
found to germinate immediately after formation. 


Hansen (Guilliermond, 1920) demonstrated that vegetative division could 
be completely suppressed. As a consequence the spores fuse in pairs and 
give rise to new asci. Guilliermond (1920) suggests that sporulation may 
itself be a form of resistance to tide over unfavourable conditions. While 
that may be quite true when the yeast is in its natural habitat, the causes for 
sporulation under laboratory conditions still remain enigmatic. 


As could be observed from the micrographs, the changes preceding 
zygote formation are striking. While two gametes may appear equally active 
(g, i) instances are not wanting where one of them appears to play a dominant 
role (h). This variation is marked when the cells occur in pairs. Usually 
only one member of each pair takes part in zygote formation. If the changes 
in both the members of a pair are identical, chains of zygotes could be expected. 
The absence of such chains would imply that only one member of a pair 
takes part in conjugation. On the other hand, changes should be identical 
in both the cells where fusion is by the dissolution of the septum separating 
them (m). 


While Conklin (1925) considers mitosis itself as a form of differentiation, 
Darlington (1932) remarks that meiosis is an example of differentiation-in- 
time in Protista and differentiation in time and space in higher organisms. 
As the pictographic summary and micrographs would show, the changes 
that precede and succeed zygote formation are striking enough to be visualised 
as a possible example of differentiation-in-time in Sch. octosporus. Meiosis 
has been reported in Sch. octosporus (Widra and DeLamater, 1955). Whether 
conjugation precedes or follows meiosis the striking characteristic during 
sporulation in yeasts is the formation of cells within a cell (compare a, b, c 
with p, g, r, s): the free cell formation claimed by Schleiden as one of the 
methods of cell multiplication (Sharp, 1934). Happening as it does immedi- 
ately after meiosis, spore formation appears to be a form of differentiation-in 
time. If meiosis constitutes the stimulus for spore formation, the question 
is posed whether the tranformation of cells into gametes and the putting 
out of conjugating tubes are not themselves initiated by other cytological 
changes ? 
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SUMMARY 


1. Schizosaccharomyces octosporus sporulates in both solid and liquid 
media. The morphological changes that precede sporulation show consider- 
able variation. A pictographic summary is presented. 


2. Rare instances of the dissolution of the septum separating two cells 
—as a prelude probably to conjugation—are illustrated. 


3. The origin of cells within a cell during sporulation is a possible 
example of differentiation-in-time. If meiosis constitutes the stimulus for 
spore formation, the question whether the transformation of cells into gametes 
and the putting out of conjugating tubes are not themselves initiated by other 
crytological changes requires consideration. 
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